Background Kidney transplant recipients (KTR) are at increased risk of requiring colorectal resection compared to the general population. Given the need for lifelong immunosuppression and the physiologic impact of years of renal replacement, we hypothesized that colorectal resection may be riskier for this unique population. Methods We investigated the differences in mortality, morbidity, length of stay (LOS), and cost between 2410 KTR and 1,433,437 non-KTR undergoing colorectal resection at both transplant and non-transplant centers using the National Inpatient Sample between 2000 and 2013, adjusting for patient and hospital level factors. Results In hospital, mortality was higher for KTR in comparison to non-KTR (11.1 vs 4.3%, p < 0.001; adjusted odds ratio [aOR] 2.68 3.59 4.81 ) as were overall complications (38.5 vs 31.5%, p = 0.001; aOR 1.08 1.30 1.56 ). LOS was significantly longer (10 vs 7 days, p < 0.001; ratio 1.42 1.53 1.65 ) and cost was significantly greater ($23,056 vs $14,139, p < 0.001; ratio 1.42 1.54 1.63 ) for KTR compared to non-KTR. While LOS was longer for KTR undergoing resection at transplant centers compared to non-transplant centers (aOR 1.68 vs 1.53, p = 0.03), there were no statistically significant differences in mortality, overall morbidity, or cost by center type. Conclusions KTR have higher mortality, higher incidence of overall complications, longer LOS, and higher cost than non-KTR following colorectal resection, regardless of center type. Physicians should consider these elevated risks when planning for surgery in the KTR population and counsel patients accordingly.
Introduction
More than 300,000 colectomies are performed annually in the USA for a variety of pathologies, including diverticulitis and cancer. 1, 2 Because transplant recipients are at increased risk of these diseases, they are more likely to require colorectal resections compared to the general population. For example, transplant recipients have 2.6× higher incidence of colorectal cancer than non-transplant recipients, 3 with a 5-year cumulative incidence rate of 0.5%. 4 Kidney transplant recipients (KTR) also have a higher incidence of diverticular disease and acute diverticulitis than the general population (0.94 vs 0.02%). [5] [6] [7] Furthermore, as post-transplant survival improves and the KTR population ages, the number of KTR requiring colorectal resection will increase proportionally. 7, 8 An improved understanding of mortality, morbidity, length of stay, and associated cost of colorectal resection in this population is important for perioperative planning and risk stratification.
A systematic review of single-institution studies of immunosuppressed patients demonstrated a 23% mortality rate for colorectal resection for diverticulitis, 5 while another found 17.5% mortality following resection for colonic perforation, 6 This work was presented at the American Transplant Congress, April 2017, Chicago IL.
both significantly higher than anticipated in the general population. 1 As with other types of general surgery in KTR, single-institution case series have demonstrated a prolonged length of stay (LOS) following colorectal resection, with one study reporting a median LOS of 22.2 days compared to a national average of 9.3 days for open colectomy. 6, [9] [10] [11] Given concerns of increased operative risk, it has been suggested that any increased morbidity, LOS or cost might be reduced if transplant recipients receive their surgical care at transplant centers. [12] [13] [14] We used the National Inpatient Sample (NIS), a large, nationally representative database, to investigate the differences in mortality, morbidity, length of stay, and cost between KTR and non-KTR undergoing colorectal resection in the USA. We also investigated post-resection outcomes based on the location of surgical care at transplant centers compared to nontransplant centers.
Materials and Methods

Data Source
Patients were drawn from the NIS. Available through the Health Care Cost and Utilization Project, the NIS contains data from approximately 7 million hospital stays yearly, and is made up of a stratified sample of 20% of the nonfederal hospitals in the USA. The stratified sample is selfweighted to allow for population based estimates. 15 Information provided in the NIS includes patient level hospital discharge data such as patient demographics, as well as diagnostic and procedural ICD-9 codes for the index hospital admission. All study methods were approved by the Johns Hopkins Hospital Institutional Review Board.
Study Population
We studied 2410 KTR and 1,433,437 non-KTR undergoing colorectal resections from January 1, 2000 to December 31, 2013. We limited the study to patients who had an International Classification of Disease, Ninth Revision (ICD-9) procedure code for laparoscopic or open colorectal resection and included both elective and urgent/emergent indications. KTR were distinguished from non-KTR by the presence of ICD-9 diagnosis codes consistent with prior kidney transplantation. We excluded patients with ICD-9 codes indicating a history of other solid or non-solid organ transplants (Appendix 1) and patients who underwent both kidney transplantation and colorectal resection during the same hospital admission. 
Clinical Outcomes
We defined mortality as death during the primary surgical hospital admission. Morbidity, defined as intraoperative or postoperative complications during the primary surgical hospital admission, were identified by ICD-9 code and categorized into system-based groups as established in previous studies (Appendix 2). 3 Incidence of mortality and morbidity were modeled using hierarchical logistic regression. Length of stay was examined using hierarchical negative binomial regression. Mixed linear regression was used to examine logtransformed costs, which were determined using the NIS costto-charge ratio files.
All models included random intercepts for each hospital and were adjusted for patient (sex, age, African American race, Charlson Comorbidity Index, primary insurance status) and hospital factors (location, size, region, teaching status, and transplant center status). Secular trends were evaluated by adjusting all models for calendar year. Variables for urgent/emergent vs. elective case status and laparoscopic vs. open surgical approach were not associated with the outcomes of interest in univariable or multivariable models, and therefore did not change any of our study inferences. Further, the inclusion of these variables in our multivariable models resulted in inferior model fit based on the Akaike information criterion. Therefore, to optimize model parity, we excluded these variables in our reported models.
Effect Modification by Transplant Center
We investigated effect modification for the above outcomes based on whether the colorectal resection was performed at a transplant center or a non-transplant center. To evaluate the effect of transplant center status on the relationship of KTR and the outcomes above, we created an interaction term for KTR status with transplant center status in the regression models described above.
Statistical Analysis
We used χ 2 tests to evaluate categorical variables and Student's t test for continuous variables to draw betweengroup comparisons. For all analyses, a two-tailed p value of < 0.05 was considered statistically significant. Confidence intervals are reported as per the method of Louis and Zeger. 16 Statistical analysis was performed using Stata 14.0 (StataCorp, College Station, TX).
Results
Study Population
In total, 2410 KTR and 1,433,437 non-KTR underwent colorectal resection during the study period. KTR 
Mortality and Morbidity
Mortality was higher following colorectal resection for KTR compared to non-KTR (11.1 vs 4.3%, p < 0.001). After adjusting for patient and hospital characteristics, the odds of mortality following colorectal procedures in KTR was 3.59-fold higher than non-KTR (aOR 2.68 3.59 4.81 ). KTR were more likely than non-KTR to have postoperative complications during their surgical hospitalization (38.5 vs 31.5%, p = 0.001). Specifically, KTR had more wound complications (6.2 vs 2.4%, p < 0.001), infectious complications (7.7 vs 4.2%, p < 0.001), cardiovascular complications (5.2 vs 2.7%, p < 0.001), pulmonary complications (8.0 vs 5.3%, p = 0.008), and intraoperative complications (6.5 vs 3.9%, p = 0.003) than non-transplant recipients (Table 2) . After adjustment, the odds of overall morbidity were 1.30-fold higher in KTR than non-KTR (aOR 1.08 1.30 1.56 
Length of Stay and Cost
Median length of stay (LOS) was longer in KTR compared to non-KTR (10 vs 7 days, p < 0.001). Following adjustment, KTR had a 53% longer LOS than non-KTR (ratio 1.43 1.53 1.65 ). Cost of care was higher for KTR than non-KTR, with a median difference of $9000 dollars ($23,056 vs $14,139, p < 0.001). Following adjustment, cost was 54% higher in KTR than non-KTR (ratio 1.42 1.53 1.63 ) (Tables 2 and 3 ).
Transplant Center
KTR were more likely to be treated at kidney transplant centers than non-KTR (29.9 vs 8.9%, p > 0.001) ( Table 1 ). There was no statistically significant difference in mortality for KTR treated at transplant centers compared to those treated at nontransplant centers (aOR 3.95 vs 3.43, interaction p = 0.6). There was also no statistically significant difference in overall complications or most system-specific complications (Table 4) . However, KTR were less likely to have infectious complications at transplant centers compared to nontransplant centers (aOR 0.75 vs 1.99, interaction p = 0.03). LOS was 15% longer for KTR treated at transplant centers (ratio 1.68 vs 1.53, interaction p = 0.03). There was no significant difference in cost of care for KTR between transplant center types (Table 4) .
Discussion
In this national, 14-year study of 2410 kidney transplant recipients undergoing colorectal resection, we found that KTR had a 3.6-fold increase in mortality and 1.3-fold increase in overall morbidity when compared to non-KTR. KTR were more susceptible to wound (6.2 vs 2.4%), infectious (7.7 vs 4.2%), cardiovascular (5.2 vs 2.7%), pulmonary (8.0 vs 5.3%), and intraoperative (6.5 vs 3.9%) complications than non-KTR. Cost was 1.5-fold higher for KTR compared to non-KTR. KTR also had a 1.5-fold longer LOS than non-KTR, with an additional 15% increase in LOS when KTR are treated at transplant centers.
Our findings of significantly higher mortality in KTR undergoing colorectal resection are consistent with and expand on single-institution studies of solid organ transplant recipients which document 7 to 10% mortality rates from colorectal disease complications. [17] [18] [19] A recent national study of emergency colorectal surgery reported a 9.3% mortality rate, 1 appropriately higher than the rate we report for the nontransplant population (4%), given that our sample contains both elective and urgent/emergent surgical resections.
However, considering nearly half of the transplant recipients in our study population had elective resections, the 3.6-fold increase in mortality that we report after adjustment is striking.
Furthermore, we found the rate of overall complications to be significantly higher in KTR. Specifically, we found that KTR suffered more wound, infectious, cardiovascular, pulmonary, and intraoperative complications than non-KTR. These findings are consistent with a recent systematic review of gastrointestinal complications in solid organ transplant recipients that reported a 33% incidence of complications following resection for diverticular disease, and several single-institution case series reporting between 60 and 100% complication rate for colorectal resections for diverticulitis or lower gastrointestinal perforations. 6, 7, 17 Although the underlying cause for our findings of increased mortality and complications is multifactorial, it is likely heavily influenced by immunosuppression. The impact of immunosuppression on wound healing and infection is well documented, particularly in the immediate post-transplant setting. 20, 21 Even with improved immunosuppressant regimens, higher rates of wound healing issues and infectious complications have been documented in KTR. 22, 23 Given our findings of increased wound and infectious complications in the KTR population following colorectal resection and current literature that suggests laparoscopic resection decreases the risk of wound complications in high risk patients, we would encourage surgeons to utilize a laparoscopic approach when technically feasible to mitigate these elevated risks. 24 In addition, we have demonstrated that cardiovascular, pulmonary, and intraoperative complications are more frequent in KTR. The global tissue damage caused by years of renal failure and/or dialysis is potentially responsible for an increase in complications associated with these organ systems and subsequent mortality. 25 We found the median length of stay for kidney transplant recipients to be significantly longer than non-transplant recipients (10 vs 7 days), particularly when treated at a transplant center (11 vs 7 days). The median LOS we report for the general population is similar to other reports that document LOS of 6-9 days following open colorectal resection, as only 20% of patients in our study underwent laparoscopic approach. 2, 9 Our findings are consistent with longer LOS documented in other smaller, single institutions studies of transplant recipients undergoing general surgical procedures. 10, 11, 26 Additionally, we reported significantly higher cost for kidney transplant recipients compared to non-transplant recipients. A recent national study of colectomy reported median costs ranging from $12,071-14,141 depending on surgical approach for the general population, which is similar to our finding of median cost of $14,139 for non-transplant recipients. 2 However, median cost for kidney transplant recipients was 54% higher following adjustment. While this difference is significant, the nature of our study data precluded a more granular examination of costs. Despite the sentiments expressed in multiple opinion pieces including book chapters and editorials, we did not find better outcomes for transplant recipients at transplant centers. 13, 14, 27 In fact, we found that KTR had a 15% longer LOS when treated at transplant centers. Given the constellation of similar mortality, morbidity and cost in the setting of longer LOS at transplant centers, the longer LOS does not appear to be attributable to a difference in illness severity at transplant centers compared to non-transplant centers. This is potentially suggestive of more conservative discharge criteria and behavior at transplant centers.
This study has some limitations that warrant further discussion. An important limitation was the lack of clinical granularity of NIS data. While the admitting diagnosis was routinely recorded and helpful in determining the indication for surgery, it was often vague, hindering our ability to adjust for colorectal resection indication. Without detailed information on the specific costs and events occurring during a hospital stay, we were also unable to determine the underlying reasons for cost and length of stay differences between KTR and non-KTR, and between transplant centers and non-transplant centers. We were unable to determine whether, for example, those KTR presenting to non-transplant centers who were sicker were transferred to transplant centers for care. An additional limitation inherent in the design of the NIS was the lack of longitudinal follow-up across multiple hospitalizations, and the lack of linkage to transplant registries, thereby limiting our ability to study later graft or patient outcomes. The magnitude of the NIS, however, offers an understanding of the national outcomes of colorectal resections in KTR and avoids the bias and limited power associated with single-center studies. It also allows us to perform multivariable analyses, investigate interactions, and study outcomes at transplant vs non-transplant centers.
Conclusion
In this large national study, kidney transplant recipients had higher mortality, greater morbidity, and higher cost when compared to non-transplant recipients following colorectal resection, regardless of center type. Kidney transplant recipients also have longer length of stay, which is particularly increased when colorectal resection is performed at transplant centers. Our findings suggest that surgeons should consider these elevated risks when planning for surgery in the KTR population and counsel patients accordingly.
